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ACRONYMS 

 
 

 A/D  Analog/Digital 
 COTS  Commercial Off The Shelf 
 HRD  Hardware Requirements Document 
 HRF  Human Research Facility 
 ISS   International Space Station 
 IVA   Intravehicular Activity 
 JSC  Johnson Space Center 
 LLI   Limited Life Item 
 LLI L  Limited Life Items List 
 LMSO  Lockheed Martin Space Operations 
 PCMCIA  Personal Computer Memory Card Industry Association  
 PC   HRF Portable Computer 
 RC   Refrigerated Centrifuge 
 R&MPR  Reliability & Maintainability Predictions Report 
 WS   Workstation 
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LLIL DEFINITIONS 
 

This LLIL Report contains various LLIL related definitions for the LLIL Data Sheets: 

 

SYSTEM/ELEMENT:  This represents the hardware which does not meet the 10 year 

operational and 15 year structural life requirement as stated in the GDRD. 

 

LIMITED LIFE ITEM:  This identifies the specific item of the hardware which causes it to 

become a Limited Life Item. 

 

LOGISTICS CONTROL NUMBER (LCN):   This is a four letter tracking number used to track 

the hardware in the Logistics Database. 

 

LIFE LIMITING PARAMETER:  This identifies what part of the hardware item which causes the 

item to have a shorter operational life expectancy than 10 years. 

 

RESTRICTIONS:  This lists if the hardware item in question has any restrictions in terms of 

operational use, testing, handling, inspection, or maintenance. 

 

REMARKS:  This section will clarify what assumptions, if any, were used to identify how the 

hardware item was concluded as life limited.  This could be based on hardware similar to ones 

presently in use which are certified for a limited number of missions. 
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1.0  INTRODUCTION 
 

This report contains the Limited Life Items List (LLIL) for International Space Station 
(ISS) Human Research Facility (HRF) Refrigerated Centrifuge (RC).   

 
 
2.0  PURPOSE 
 

The purpose of this LLIL is to identify possible limited life items which do not meet the 
10 year minimum operational life requirement for ISS HRF Equipment.  The HRF 
provided hardware/software for the RC is broken down to the part level and each part is 
analyzed for limited life.  

 
 
3.0  SCOPE 
 

This report provides the LLIL for the HRF RC.  This report does not include items with 
existing LLIL's.  The LLIL documents the components which cause the HRF Hardware 
item to be classified as a Limited Life Item (LLI).  Many factors may occur which deem 
hardware as life limited such as material degradation over time, material degradation 
over use, premature wear-out, or shelf life limit. 
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4.0 GROUND RULES 
1.)  LLIL analysis is performed on a part level to determine if the entire HRF provided 
hardware/software item is life limited. 
 
2.)  Any component of the HRF provided hardware/software item that needs annual or 
frequent re-calibration, servicing, removal and replacement, or maintenance will be 
deemed as life limited. 
 
3.)  Any component of the HRF provided hardware/software item that fails in 
functionality prior to the minimum required operational ISS life of 10 years (either due to 
material degradation, wear-out, shelf life limit, etc.) will be deemed as life limited. 
 
4.)  Any component of the HRF provided hardware/software item which degrades with 
use or with time to the point of potentially creating a hazard to the crew will be deemed 
as life limited. 
 
5.)  Based on conclusions of the Reliability & Maintainability Predictions Report 
(R&MPR) for the HRF RC (reference LMSEAT 33209), the life of the part will be 
assumed to be that of the part's adjusted Mean Time Between Failure (MTBF) which 
takes into account the part's operational duty cycle, quantity, and operating/non-
operating failure rates.  Operating failure rates are based on data from the Commercial 
Off The Shelf (COTS) supplier (TEMEC). 
 
6.)  HRF is responsible for supplying and certifying only the HRF provided equipment to 

the HRF RC (PCMCIA cards, cables, and software). 
 

 
5.0  REFERENCE DOCUMENTS 
 
LS-71026, Reliability Plan for the Human Research Facility (HRF). 
 
LS-71013, Logistics and Maintenance Plan for Human Research Facility (HRF). 
 
JSC-16043E, Reliability and Maintainability Plan for Life Sciences Project Division 
 
LMSEAT 33209, Reliability & Maintainability Predictions Report (R&MPR) for RC  
 
LMSEAT 33208, Failure Modes & Effects Analysis/Critical Items List (FMEA/CIL) Report for the 

ISS Human Research Facility (HRF) Refrigerated Centrifuge (RC) 
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6.0   SYSTEM DESCRIPTION 
 

The Human Research Facility (HRF) Refrigerated Centrifuge (RC) will be used to separate 

substances of different densities.  A common centrifuge is a container that spins rapidly.  

Centrifuges may be used to quickly separate substances that would normally separate slowly 

under the influence of gravity.  The HRF Refrigerated Centrifuge is intended to provide a 

system of separation of biological samples based on differing sample densities.  The 

refrigerated centrifuge will be capable of separating blood into its components and separating 

saliva from saturated dental cotton rolls. 

6.1 PARAMETER INPUTS 

The HRF Refrigerated Centrifuge has a programmable centrifugal force of 1000 to 18,000 

RPMs at increments of 100 RPMS.  The RC is capable of running from 1 to 30 minutes, set in 1 

minute increments.  The Refrigerated Centrifuge contains a liquid-crystal display (LCD) to 

display the following fields: temperature, RCF, RPM, and time.  To enter the experiment 

parameters (temperature, time, spin speed, and braking speed) the crew will use a push-button 

control panel on the front of the unit.  It also has six (6) LEDs for the controls and status fields 

which include a stopped position, RCF selector, unbalanced rotor, spinning rotor and unlocked 

lid. 

6.2 REFRIGERATION PROCESS 

The RC will also provide refrigeration at +4 °C to all samples.  The refrigeration method utilized 

by the centrifuge is the vapor compression cycle.  Vapor compression systems consist of four 

components: a compressor, a condenser, an evaporator, and an expansion device. 

The compressor takes low pressure, low temperature refrigerant gas and compresses it to high 

pressure, high temperature gas.  Reciprocating pistons intake vapor at a low pressure, and 

compress the vapor before sending it to the discharge line.  The cool, low pressure gas 

entering the compressor is referred to as suction gas.  The high pressure, high temperature gas 

exiting the compressor is called discharge gas.  The existing compressor relies on oil sumping 

at the bottom of the compressor to lubricate the gears and therefore is gravity dependent.  From 

the compressor, the hot, high, pressure gas travels through the discharge line in the condenser.  

The condenser is the part of the system where the heat is rejected by condensation.  In the 

vapor compression system, as the hot gas travels through the condenser, it is cooled by the air 
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passing over it.  As the hot gas refrigerant cools, drops of liquid refrigerant form within the coil.  

Eventually, when the gas reaches the end of the condenser, it has condensed completely; that 

is, only liquid refrigerant is present.  In order for the condenser to function correctly, the fluid 

passing through the fins of the condenser (usually air), must be cooler than the working fluid of 

the system (Freon). 

The purpose of the expansion device in a vapor-compression refrigeration cycle is to control 

flow of refrigerant to the evaporator.  As the refrigerant leaves the condenser, it has cooled and 

condensed to liquid but still under high pressure.  In order for the liquid to absorb the necessary 

heat in the evaporator, its pressure must be reduced, which is accomplished within the 

expansion device.  The RC uses a capillary tube to accomplish this pressure reduction. 

The evaporator is the component of the cycle which actually absorbs the heat from the 

conditioned space.  The evaporator is similar in construction to the condenser, but its function is 

opposite.  As the fluid leaves the expansion device, it is a cool liquid.  As it passes through the 

evaporator, it picks up heat from the room, and evaporates into a gaseous form.  This 

evaporation is what enables the refrigerant to absorb the heat energy from the room. 

As the refrigerant leaves the evaporator, it is returned to the cooled, low pressure state, and is 

sent back to the compressor to being the cycle again.  Under normal circumstances the 

refrigerant will not wear out; it will be reused again and again, changing its physical form, but 

not its chemical composition.  The refrigerant is the fluid present in the vapor-compression 

refrigeration cycle used to absorb heat in the evaporator and release heat in the condenser.  

The RC uses R404a as it working fluid.  R404a is environmentally friendly and has been given a 

toxicity of 0 and safe to use. 
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Figure 3-1  HRF Refrigerated Centrifuge 

 



Limited Life Items List (LLIL) Report 
HRF Portable Computer (PC) 

LMSEAT-32360 
January 2001 

1-6 

 
 
 

CONCLUSION 

 
No limited life items were found during the Reliability and Maintainability (R&M) analysis 
of the HRF supplied components to the RC (see the Reliability and Maintainability 
Predictions Report (R&MPR) for the HRF RC, LMSEAT 33209). 
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APPENDIX A 
 
 

LLIL DATA SHEETS - HRF RC 
 

N/A – There are no Limited Life Items associated with the Refrigerated Centrifuge 
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